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Abstract 
The observation of acoustic enhancement of the anodic current in an electropolishing experiment promises to be 
useful in acceleration of industrial electrochemical processes. Besides the process, however, the surface condition 
after the electropolishing is of importance as well. This investigation is focused on the surface condition of the 
electropolished surface after an acoustic wave treatment. At the anode surface acoustic waves, especially Scholte 
waves, will be generated. The evanescent part of the wave will propagate in the electrolyte and cause Schlichting 
streaming in the boundary layer. For different frequencies and different intensities of the surface acoustic wave the 
surface roughness of the anode is analyzed by a laser scanning microscope.  
The results of the investigation will allow to find the best parameters for polishing and to avoid cavitation damage. 
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1. Introduction 
Recently it has been shown that it is possible to enhance the anodic current in an electropolishing experiment by 
surface acoustic waves [1]. The purpose of electropolishing is to obtain a glossy surface and thereby to reduce 
surface roughnesses [2, 3]. In an industrial polishing process, however, both the process time and the surface 
conditions are of interest. In general the diffusion boundary limits the transport rate of ions across the solid-liquid 
boundary at the anode. 
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With surface acoustic waves, especially Scholte waves, it is possible to excite Schlichting streaming in the diffusion 
boundary layer [4, 5]. Up to now, this disturbance caused by acoustic streaming is the most common explanation of 
the enhancement of the anodic current. But besides this, it is also possible that cavitation occurs and disturbs the 
diffusion boundary layer additionally [6].  
In this investigation these hypotheses are examined with respect to the amount of the mass transfer and the surface 
conditions, especially the surface roughness, by determination of the Ra and Rz values according to ISO 4287:1997. 
2. Methodology 
Two vertically oriented copper electrodes arranged at a distance of 20 mm are immersed into an electrolyte which 
consists of 50% H3PO4, 30% 2-Propanol and 20% de-ionized water (Fig. 1, left). A Pt-100 temperature sensor is 
monitoring the temperature of the electrolyte. The power supply EA PS 8032-20T supplies the voltage of 2.8 V, at 
which the so called polishing plateau is reached. The upper limit of the current is chosen to be 3 A. The amplifier ENI 
2100L is used to amplify the sinusoidal signal from the frequency generator Agilent AFG33521A up to 80 Vpp. In 
order to get the resonance frequency of the mechanical transducer-electrode system two different piezoelectric 
transducers operating at different frequencies (25x1x1 mm at 900 kHz; 30x10x1 mm at 60 kHz) are used. 
The duration of the experiment comprises 22 minutes at room temperature. Within the first 5 minutes the diffusion 
boundary layer is built up. During the next 6 minutes electropolishing at the electropolishing plateau takes places. For 
application of surface acoustic waves the transducer is then switched on for 10 minutes and subsequently switched off 
in order to check whether the current increase is reversible in the last minute of the experiment (Fig. 1, right). Before 
the electropolishing experiment starts, scanning laser vibrometer measurements are conducted in order to get an 
impression about the vibrational wave modes and the displacement amplitudes of the acoustic waves. The 
electropolishing process is supervised by high-speed camera records in order to recognize the appearance of any 
cavitation bubbles. After the electropolishing was finished Ra and Rz values are determined by a laser scanning 
microscope. 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Schematic drawing of the electropolishing cell, left, and current density diagram of the electropolishing process, right. 
3. Results 
The results of the measurement by a scanning laser vibrometer exhibit that the displacement at 60 kHz are three times 
higher than at 900 kHz, Fig. 2. The wavelength at 60 kHz are 13 mm and at 900 kHz 1.4 mm, respectively. 
 
 
 
 
 
 
 
Fig. 2. Vibrational wave modes recorded by a scanning laser vibrometer. Left, excitation at 60 kHz, right, excitation at 900 kHz. 
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The enhancement of the anodic current depends on the applied voltage to the transducer. With increasing voltage the 
anodic current increases too, Fig. 3. According to the observation with the scanning laser vibrometer, the 
enhancement of the anodic current are nearly three times higher with the 60 kHz transducer compared to the 
900 kHz transducer. 
 
Fig. 3. Anodic current increase caused by surface acoustic waves with different voltages at the piezoelectric transducer. 
After the electropolishing the surface conditions are determined. At the first glace an impressed wave structure is 
visible after the treatment with 900 kHz, which cannot be seen after the 60 kHz treatment and after electropolishing 
without surface acoustic wave treatment, Fig. 4. 
 
Fig. 4. Surface structure after electropolishing recorded by a laserscanning microscope. Left, electropolishing without acoustic waves, middle, 
with acoustic waves at 60 kHz, right, with acoustic waves at 900 kHz. 
According to this observation, using an excitement frequency of the transducer of 900 kHz (λCu = 1.4 mm) the 
surface roughness value Ra as well as surface roughness value Rz getting worse, Fig. 5, in contrast to the excitement 
frequency of the transducer of 60 kHz (λCu = 13 mm. Besides this, after the 60 kHz treatment the surface roughness 
is nearly the same as without surface acoustic wave treatment within the measurement accuracy. In contrast to its 
effect on the anodic current, the voltage applied to the transducers doesn´t much affects the surface roughness values 
Ra and Rz.  
 
 
 
 
 
 
 
 
 
 
Due to the big differences in the surface conditions between the treatments with 60 kHz and with 900 kHz high-speed 
camera records are conducted for recognizing the formation of cavitation bubbles. As seen in Fig. 6, right, bubbles at 
the electrode are affected by the acoustic wave and forced away from the electrode. Besides this, vortices caused by 
Schlichting streaming are clearly visible (Fig. 6). These effects are observed both at 900 kHz and at 60 kHz. In both 
cases, however, no indication for a generation of cavitation bubbles is found. Furthermore, acoustic bubbles occurred 
only sporadically at the electrode. 
Fig. 5. Surface roughness values Ra and Rz at different frequencies and intensities. Left, Ra values, right Rz values. 
1042   Sabrina Tietze et al. /  Physics Procedia  70 ( 2015 )  1039 – 1042 
 
 
 
 
 
 
 
 
4. Discussion 
The anodic current can be influenced by the intensity of the acoustic wave, but the intensity has no effect on the 
surface conditions of the anode as determined by the Ra and Rz values. On the other hand, the surface conditions are 
dependent on the frequency and therefore on the wavelength of the acoustic wave. The higher the frequency the 
worse the surface conditions, especially the Ra and Rz values, of the electropolished copper electrode. The 
penetration depth of the Scholte wave into the liquid is dependent on the frequency: At low frequency the acoustic 
wave propagates more in the substrate than in the liquid, at higher frequencies it is reversed. At the higher frequency 
the diffusion boundary seems to break up due to the large penetration depth of the Scholte wave, whereas at low 
frequencies the diffusion boundary layer will only be stirred. By inspection the characteristic copper color of the 
electrode can partly be seen at the high frequency, whereas at the low frequency the blue color of the copper 
phosphate, which constitutes the diffusion boundary layer, remains visible. From the theory of electropolishing it is 
known that integrity of the diffusion boundary layer is necessary in order to obtain a flat glossy surface. By breaking 
up the diffusion boundary layer the surface conditions may get worse. 
The increase of the anodic current is mainly caused by Schlichting streaming which is caused by the Scholte waves. 
Acoustic bubbles have been observed, but they occurred only sporadically and cannot be made responsible for the 
disintegration of the diffusion boundary layer or the deterioration of the surface.  
5. Conclusion 
With Scholte waves it is possible to improve the mass transfer from the anode into the electrolyte and correspondingly 
the process time in industrial electrochemical processes will become reduced. An increase of the intensity of the 
acoustic wave accelerates the electrochemical process. These effects are mainly caused by Schlichting streaming. 
Acoustic bubbles appear only sporadically. Up to now, damage of the surface caused by cavitation effects is not 
observed. In particular at low frequencies it is possible to accelerate the process without changes of the surface 
roughness. 
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Fig. 6. High-speed camera observation of acoustic bubbles at different time sections. The switch on process of the transducer is set to be 0 s. Left, 
zoomed to the boundary layer, right the switch on process with formation of vortices (Schlichting streaming). 
